Six parents and their 15 F 2 diallel progenies, totally 21 genotypes, were evaluated for genetic parameters of quantitative characteristics. The traits of interest were growing degree days (GDDs) from sowing to the flowering (DDF), to end of flowering (DDE), flowering period (DFP), to maturity (DDM) and seed yield (SY). Significant mean squares of general combining ability (GCA) was exhibited for DDF, DDE, DFP, DDM and seed yield indicating significant differences of GCA effects of parents for these traits. Significant mean squares of specific combining ability (SCA) for all the traits exhibited the importance of non additive genetic effects for the traits. Significant ratio of MS(GCA)/MS(SCA) and high narrow sense heritability estimates for DDF, DDE, DDM indicating the prime importance of additive genetic effects for controlling these traits. DFP was also less heritable than the other phonological traits, so the efficiency of selection for this trait will be low. All of the combinations with significant negative SCA effects for DDM had at least one parent with significant negative GCA effect for this trait. PF7045/91 with significant positive GCA effect of SY, was best combiner for improving SY. Significant positive correlation between DDM and each of two traits including DDF and DDE, indicating these traits can be used as indirect selection criteria for improving DDM.
INTRODUCTION
Flowering is the most critical stage influencing the yield of oilseed rape. The unset of flower initiation can have strong influence on flower, pod and seed number DOI: 10.1515/plass-2015-0021 (Diepenbrock, 2000; Downey and Rimer, 1993; Faraj, et. al., 2008) . Habekotte (1997) used a sensitivity analysis within a crop growth model to study options for increasing seed yield in winter oilseed rape. The most promising crop type for high seed yield combined late maturity with early flowering (Downey and Rimer, 1993) . Genetic information of rapeseed flowering and maturity could aid orienting breeding strategies for short-or long-growing seasons. Diallel crosses scheme is a useful mating design (Gardner and Eberhart, 1966 ) that has been widely used to obtain information on the general (GCA) and the specific combining ability (SCA) of parental lines and their hybrid crosses in different crops (Xiang and Li, 2001 ). Information on GCA and SCA is very important in conducting a successful breeding program to achieve sufficient heterosis (Malik et al., 2004) . Advanced in the phenological traits, yield components and seed yield of brassica requires certain information regarding the nature of combining ability of parents available for use in the hybridization program (Ali et al., 1995 ) . In addition, information about the nature of gene action involved in expression of quantitative and qualitative traits of economic importance is also required to develop desirable lines. Studies on combining ability have been done earlier (Kumar et al., 2011; Nasimi et al., 2006; Singh et al., 2010) . Various studies on spring cultivars of oilseed rape have shown the important role of GCA and SCA effects for days to flowering and also it be a highly heritable character determined by genes that exhibit some degree of dominance (Teklwold .and Becker, 2005; Hung, et al., 2010; Zhang and Zhu, 2006) . Likewise, studies with winter cultivars of this species (Amiri-Oghana et al., 2009; Sabaghnia, et al., 2010) showed both additive and dominance gene effects to have a significant role in the inheritance of flowering time. Significant negative GCA and SCA effects were reported for days to flowering (Teklwold .and Becker, 2005) .
Most of the studies showed significant GCA and SCA effects for yield and its component characters indicating that both additive and nonadditive gene action were important in the inheritance of these traits (Azizinia, 2012; Sabaghnia, et al., 2010) . Earlier breeders concluded in their research that with the changes in environment gene effects for different traits contributing to yield or yield itself changes in rapeseed (B. napus L.), therefore for different environment one has to suggest different selection criteria for the improvement in the yield. For those traits that are controlled by additive gene action, simple selection in early segregating generation is suggested, whereas for those traits controlled by non-additive gene action selection in later segregating generation would be more effective (Cheema and Sadaqat, 2004) .
Scanning literatures have showed that a better understanding of the underlying genetic control of agronomically important traits in spring rapeseed are useful in breeding for early maturity and seed yield. The objectives of this study were to identify general and specific combining abilities and narrow-sense heritability for growing degree day (GDD) of phonological traits and seed yield in adapted rapeseed cultivars and also detecting the best general and specific combiners among different cultivars.
MATERIALS AND METHODS
Six spring cultivars of rapeseed (B. napus L.) which were selected based on their different agronomic characters were crossed in half diallel crosses during 2004-05. In order to produce F2 progenies, fifteen F1 populations from a 6 × 6 half diallel cross were selfed by light transparent white mesh cloth at Biekola Agriculture Research Station, located in Neka, Iran (13˚, 53 ′ E longitude and 43˚ 36 ′ N latitude, 15 m above sea level) during winter 2005-06. F2 progenies along with 6 parents including RGS003, Option500, RW008911, RAS3/99, 19H and PF7045/91 were grown in a randomized complete block design with four replications during 2006-07. The plots related to each experiment were consisted of four rows 5 m long and 40 cm apart. The distance between plants on each row was 5 cm resulting in approximately 400 plants per plot, which were sufficient for F2 genetic analysis in each experiment. The soil was classified as a deep loam soil (Typic Xerofluents, USDA classification) contained an average of 280 g clay × kg -1 , 560 g silt × kg -1 , 160 g sand × kg -1 , and 22.4 g organic matter × kg -1 with a pH of 7.3. Fertilizers were applied at the rates of 100: 50: 90 kg × ha -1 of N: P: K, respectively. All the plant protection measures were adopted to make the crop free from insects. Grain yield (adjusted to kg/ha) was recorded based on three middle rows of each plot.
Growing degree days (GDD) were computed for all flowering accessions by using the formula:
where Min T is the lowest temperature of the day and Max T is the highest temperature of the day; Temperature thresholds for Min T and Max T were set to 0°C and 30°C, respectively. Base T is the temperature below which no development occurs and was set to 0°C, based on recent research which indicated that it was more accurate for B. napus plant development than is the typical base temperature of 5°C (Thomas, 2003) . The growing degree days (GDDs) were calculated for number of days from sowing to the flowering (DDF), to end of flowering (DDE) and maturity (DDM). The GDDs for flowering period (DFP) was also calculated for the difference between days to flowering and days to end of flowering. Seed yield (adjusted to kg × ha -1 ) was recorded based on two middle rows of each plot.
Analysis of variance for the crosses was based on Griffing's method 2, model 1 for fixed genotypes and the linear model (Griffings, 1956 ). Each effect was tested using its interaction with the block as error term. A t-test was used to test whether the GCA and SCA effects were different from 0 (Kearsey and Pooni, 1996; Zhang and Kang, 1997) .
RESULTS AND DISCUSSION

Diallel analysis of variance
Significant mean squares of genotypes for growing degree days (GDDs) of number of days from sowing to the flowering (DDF), to end of flowering (DDE), for flowering period (DFP) and maturity (DDM) and seed yield (SY) indicating the existence of genetic variability among crosses and their parents for the traits (Table 1 ). Significant mean squares of general combining ability (GCA) was detected for DDF, DDE, DFP, DDM and seed yield indicated the significant differences of GCA effects of parents for these traits. Significant mean squares of specific combining ability (SCA) for all the traits exhibited significant differences of SCA effects of crosses for the traits. Significant ratio of MS(GCA)/MS(SCA) and high narrow sense heritability estimates for DDF, DDE, DDM indicating the prime importance role of additive genetic effects for these traits. Similarly, various studies on spring (Hung, et al., 2010 , Rameeh 2011 and winter (Amiri-Oghana and et al., 2009; Sabaghnia, et al., 2010) cultivars of oilseed rape have shown the important role of additive genetic effects for phenological traits. General combining ability (GCA) and per se performance of parents (Table 2 ). Due to significant positive correlation between DDF and DDM, (Table 3) , selection of low mean values of DDF make selection of low mean values of DDM, therefore low mean values of DDF and also its negative GCA effects will be preferable. Significant negative GCA effect of DDF for RGS003, for this line indicating additive genetic effects had decreasing effects for this trait (Table 4) . In earlier studies (Hung, et al., 2010; Sabaghnia, et al., 2010; Rameeh 2011) were reported significant negative GCA effects for days to flowering. Mean values of parents for DDE ranged from 1086.31 °C to 1155.70 °C in RAS3/99 and PF7045/91, respectively. RAS3/99 and RGS003 with low mean values of DDE (1086.25 °C and 1094.75 °C, respectively) were preferred for improving this trait, both of these parents had significant negative GCA effects for DDE. DFP of parents was varied from 225.2°C to 298.03°C in RAS3/99 and RGS003, respectively. 19H and RGS003 with 271.75°C and 298.03°C of DFP were good parents for improving this trait. RGS003and PF7045/91 with significant positive GCA effects of DFP were good combiners for this trait (Table 4 ). Significant negative correlation between DDF and DFP, indicated that the genotypes with low mean values of DDF had high mean values of DFP (Table 3) . DDM of parents ranged from 1484.55°C to 1641.30°C in RGS003 and PF7045/91, respectively. In north provinces of Iran, early maturity is desirable trait to have enough opportunity for second crops like rice and soybean, therefore the genotypes including RGS003 and Option500 with low mean values of this trait will be preferable. RGS003 with significant negative GCA effect of DDM was best combiner for improving this trait. Significant positive correlation between DDM and each of two traits including DDF and DDE, indicating these traits can be used as indirect selection criteria for improving DDM. SY was varied from 2218.58°C to 3131.92°C kg × ha -1 in Option500 and PF7045/91, respectively. PF7045/91 with significant positive GCA effect of SY, was best combiner for improving SY. Rameeh (2010) and Amiri-Oghana et al.,( 2009) reported significant positive GCA effects of parents for grain yield in spring and winter rapeseed, respectively. Table 3 Pearson correlation between the traits **: Significant at p= 0.01; DDF: growing degree days (GDDs) to the flowering; DDE: GDDs to end of flowering; DFP: GDDs for flowering period; DDM: GDDs to maturity; SY: Seed yield Table 4 Estimates of GCA effects for for growth degree day of phonological traits and seed yield in six parents of B. napus *, ** Significant at p<0.05 and 0.01, respectively; DDF: growing degree days (GDDs) to the flowering; DDE: GDDs to end of flowering; DFP: GDDs for flowering period; DDM: GDDs to maturity; SY: Seed yield
Specific combining ability (SCA) and per se performance of crosses
Mean values of DDF were varied from 809.48°C to 882.70°C in RGS003 × Option500 and RAS3/99 × PF7045/91, respectively (Table 5 ). The crosses including RGS003 × Option500, RAS3/99 × RGS003, 19H × RGS003 and RW008911 × PF7045/91 with low mean values of DDF were considered as good cross combinations. Due to high narrow sense heritability estimates and prime importance of additive genetic effects for DDF, a few crosses had significant SCA effects for this trait. The crosses including RGS003 × Option500 and Option500 × PF7045/91 with significant negative SCA effects were good combinations for improving this trait (Table 6 ). This finding is in agreement to earlier studies on spring cultivars of oilseed rape have shown the important role of SCA effects for phenological traits (Nassimi, et al., 2006) and also winter cultivars of this species (Sabaghnia, et al., 2010) . 50, 3375, 3320.83 and 3431 .17 kg ha -1 of SY, respectively had high mean values of this trait. RAS3/99 × RW008911 and Option500 × PF7045/91 with significant positive SCA effects for SY were good combinations. Similarly, in earlier studies were reported significant SCA effect of crosses for grain yield in on various studies on spring (Hung, et al., 2010 , Rameeh 2011 ) and winter (Amiri-Oghana and et al., 2009 Sabaghnia, et al., 2010) cultivars of oilseed rape. In general due to significant positive correlation between DDM and each of two traits including DDF and DDE, indicating these traits can be used as indirect selection criteria for improving DDM. DFP was also less heritable than the other phonological traits, so the efficiency of selection for this trait will be low. All of the combinations with significant negative SCA effects for DDM had at least one parent with significant negative GCA effect for this trait. PF7045/91 with significant positive GCA effect of SY, was best combiner for improving SY. RAS3/99 × RW008911 and Option500 × PF7045/91 with significant positive SCA effects for SY were good combinations for improving this trait. 
